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PURPOSE: A ferroelectric 
random access memory and 
fabrication method thereof are 
provided to prevent decrease of 
the capacitance caused by the 
size limit of an upper electrode 
and a short circuit between an 
upper and lower electrode. 

CONSTITUTION: Two 
neighboring transistors are 
formed on a semiconductor 
substrate(31 ). The first isolation 
layer(35) and second one(42) 
with openings to expose a 
portion of the first one are 
formed on the substrate. Two 
lower electrodes(41 ) are filled 
inside the openings. Two upper 
electrodes(44) are formed on a 
ferroelectric layer(43) with the 
same width as the lower ones. A 
portion of the upper electrodes 
is exposed to be connected to a 
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plate line(47) through the third isolation layer(45). A word line(32), source(34b) and 
common drain(34a) of a transistor are connected to a bit line(37) and isolated from 
each other by the first isolation layer(35). Poly silicon layers are used to connect the 
lower electrodes of a capacitor to the source. Ti nitride layers(40) and Ti silicide 
layers(3 ) are used as a diffusion barrier and an ohmic contact layer respectively. 

©KlPO 2003 



if display of image is failed, press (F5) 



http://patent.kipris.or.kr/bln/KpaJulltext.cgl?appLno= 102001 008871 3 2003-1 1-21 



I 
t 











(12) s:>H^§]SS(A) 




{51)o|nt. CI. « 


(11) s:?Hes 


^2003-0023844 


H01L 27 /105 


(43) S^H^» 


2003^03^20^ 


(21) m^&s. 


10-2001-0088713 




(22) 


2001 \^ 12^ 31 S 




(30) ^(ya^S 


1020010056829 20011^09^14^ CHtFeJ^(KR) 




(71) mmoi 


^4^SJAh 5^0!^>:a^£x^| 




(72) ^'^SXI- 


OiaiAl OhOIBI <iM36-1 
#§^£S^AIS&jipAh^1S210-13 

Ai s A| o Uf-r o Ai s uriLr_o OU4 




(74) 01 die! 


S :? 1 £ 01 ^ 2 :? ^ y 3 iM SH £1 620- 1 7S y OHEf M 1 0 1 -908 










(54) DilHdl 







^5 



1 



£ 2^ e£H::'I^O|| FeRAMe £Aleh 

£ 3^ ^ 4IAI01I01I cue FeRAMg £A|§[ 

SE 4a LDXI JE 4dfe ^ ^^gSj X-||1^A|01I01I tlFe FeRAMS] 3^1^ £A|& 
£ 5a^ ^ ^^g°| X-||2^A|0j|0il fl>e. FeRAMSj 
£ 5b^ £ 5aOII Ch^ aiOIOf^E. 

£ 6a LHXI E 6dfe S 1112^ A| OllOil FeRAMSJ ^^SM £A|^^ ^§ 

£ 7^ ^ ^•-ssi ms^Aioiioii mm fgram^ BiioiohS£, 

£ 8a LHXI £ 8d^ ^ ^^S^ Xil3^ A| OllOil mB FeRAMSj g-SM £A|§[ ^§ 

£ 9^ m jgi4^A|0||01l [DE FeRAMSI aiO(OhS£. 

£ 10a LHXI E lOd^ e HK^'AIOIIOil a>e FeRAM2j X-l|^ ^^gg £A|& ^§ BSi 

SE 10efe EE lOd^ x-x't:d01l B2£. 

£ 11a LHXI £ 11d^ ^ ^^S£j ^IS^AIOIIOil FeRAMSl ^^SS 5EAI& S§ BSi 

31 : ^^£x-lj::>IE^ 35 : Ullg^S 

41 : 5^¥S^ 42 : MZm^m 

43 : ^^^m^ 44 : ^^^2^ 

45 : :Jai3§^M 47 : M51IO!M£m 



Oiieai ^X^OIIAH (Ferroelectric) 2>^^^x^l 9HIIHAIE10II Mgi^o^M-j DRAM(Dynamic 

Random Access Memory) :4iXK)ilAH £.1 H El! (Refresh)^ £.^:?ilS CHSiTBI OllSBIS 0\^m ^ ±J^9\ 

^mo\ SSSOISa. OlSHtv i>^^£!X'll OlgSI-fe OHeai ^l^XKFerroelectric Random Access Memory; 0! 

5^ 'FeRAM'OiaF ^^^) t^J\^ Hl^^^^ DltSB.1 ^JKNonvolat i le Memory device)^ ggo^ 2^01 SCHS! ^^EHOIIAHE 

x-is §ae sgoi ^xm ohudh dramoii ^^^shoi xf/dicH :?l^il^x^^ ^^s^^ii 21a. 

Oiaif.^ FeRAM 4^XFS| SrBbTa209(01 5^ 'SBT'^ ^^Si^)2f Pb(Zr .Ti )Q(Oim 'PZT'E.^ ^^S!§.^)2F ^H^m 

A^gSJOI. ^^^011 A-i 4^^011 ah OI^OI ¥ :)H^ ehSt.^ S.^^^^ (Remnant 

polarization; Pr) ^^EHM i^H 2i01 OIB ^^s^^lfS^OI blf^^^^ (Nonvolatile) OlIHdl Seoi ^^£131 SICI. 

i>^^5!x-ii oism^ bi^^^^ oiis£i ^x^^. :?f6ii^^ g^gos ^^sfoi ^m.m iJ^m 

H Hl>!mSg CEH ^0\9k^ &#^^21 ^^§011 9\m Cixm 'Va 'O'M XiSSfe 5t>^Eil£|Al>^ 

(Hysteresis) OlSthO. 

FeRAM 4iXhOilA-i ^^^Sx^l ^HUHAIEi^ i=^^Sx^l ^^^"-o^xH PZT ^ SBT £1011 IH1^^^5h01M(Perovski te) =?^m 

Sr.Bi,(TaiNb.)209(0im SBTN) g^l 2.^ ^ 2 x-il » k\^o\^ S^. m^^^L^ ^^(Pt). Ol^iedr). ^gife(Ru). 01 
£ls^^S}^^(lrO). ¥Ellfe^Hfa^{RuO). a«^i^^(pt-aiioy) OlSafOI tl^\^^^m SSthCK 

£ 1° ^oh^oi n/1C =^^m FeRAM^ m^m^^^H, 'C-^ i>^^2x^l3HIIHA|E^, 'Q'^ MOS M^XI;>^6j. 'WI.WU' 

g MOS M^xi^EiHj :>iio|i^oii §^€1 ?-jH£fei. 'bl'^ mos Mgnxi^Eisj s^si biMdfei. 'pl'^ dm 

AIEI2I ^^^2^011 MBHOIMa^oje UE^yiCf. 

£ 2^ £ 1011 a>e e£H:?l#°l FeRAM mm £AI§[ B^SEOm. 

£ 2S eiSel ¥ MgHXl>iEj:?h ^^£X^PI5h(11), &^£X-IP1^(11)£| ^MOi! ^ M^Xl>^Ei2|- 

M^Xli^EiZi- ?loH ^X^^S,m^(12). ^^£X-|P1EK 11 )^^Oil S&tfSiCM X-lllie^dS). Xil1^Se(15) 

^^011 5f^S^(19)Jlf ^^^m^{20)0\ ^^^o^ ^eaiQ i>^^2x-im^(20)^'^0]| .5F¥2^(19)M[:| i^^fe 
3^(21)01 i,^^Sx-ll 3HIIHAia. ^^^2^(21)2] ^§ h^mh\3\^ :»H^¥S i^^H i>^^2fl| 3HnHAlEi» go 

3AH S^gFS X-||2^^M(22). X-112^ Se(22)2J :?H^¥M S5H &^¥S^(21)01I MailOl^a^oi (23)^ St^^^a. 

^gHxi^Ejfe s^^^ei CMOS sgoil ^^£ifeai. ^^£xii:»ie( 1 1)^^011 :Hl0lMS^(?-lH£^el)(13)0l ^stiii 
. :>iioiMs^(i3)gr^£i ^v^xiPishdDmoii oisf.^ ^ ^gHxi^rEisi ggs^ HaieKoim '^eHEiiei'oidF 

)(14a) S MaiXl>iEi°! ±±,{\Ab)D\ SS^Q. 

nam, xiii^^^ds)^ xiii.2ez}^s^^(i5a.i5b)oi xfbii^ m^mom, xiiisei^3Q^(i5a)§ ^hea^oi qh^s 
«ii^iiiMaHzi(i6)« mm eeHEnei (i4a)oii biM£toj(i7)oi biMaFeid?)^ «i2s^h^2ev(i5b)oii sioH is 

nam. }ill1.2#2f^2et(15a,15b)2J ^^^^ 01¥01£l X111^3^d5)S ^eSfOI DHilS X1I2^^S£]3( 18):>F M|H 
Xl>i:E|Si 4i>^(14b)2f i^^SxIl 3HiiHA|Q2J Xil1£!^(19)S S^AI^Q. 

£ 20il £Aia g2H:>I^Si FeRAM i>^^Sx-ll 3HiIHA|£i S^AI, 6h¥S^d9). i^S2x{lQ|(20) . ^^¥S^(21)g 

m^m m, 4^¥S^(2i)m eix-i ^^^gm ob Q\ttiHm oiemoi a^s^i^K20)3f m^s^dg)^ ^xf^o^ a| 
□e.m. §2h:?i^b ^^¥3^m sf^s^si b:?|d[m :?FX4::^ppf oia^ai. n oi^^ m¥2^3^ ^^¥2^21 3:>i» a 



o\\ af^s^^f ^^^2^01 B^^scH ov^^m m^o[D\ o\mD\ {Oisoia. 

xHg ir^^iaietOI M£h^OK)ll t^SIS. M^OI 2^^M SsUl MS.f3QK)!l gA|°J ^^S0|} ITFEI (+) 

£^ (-)^ :n§£|0i[0te Ely (pinning) ^^^0|£^ §] . AhSi^ 4^ 91^ im^a, 

o\m sH^sh^i mm B[^B^m ^Hayt^ ^ ^xh yai A^gsin ^.e^som lsmcdsm ^gsi-oi o| 

SEeh. eeH:»l#01IAi ^HUHAlEi S^AI. 5h¥2=/i:r^25c||Q|/^^¥S!^ £¥S MEiym^ 9HIIHA|E|£| Bx[^ 5500A 

0!^^^^ OIB-ith E+xFfe OI-^B^^SAIOil 3HIIHAIE] AFOIM e^tl^^^^^ xH^-!Of 5feCil. ^3^01 ^^§011 

CMPS^^ MDiBicA ^^B^m MBil 01 Ms-^oj Oil ^g6l-:^x^ ^^^01 liiehgii oiolk oi s# 
th ^^01 m^s^m ^^^aF^ s^oii eeiic^^^oi g^oun SfiiioiMafoi:^^ ^^^^^oi e^^g 

D[ 9JiQ. 

oi5ioh .gxiigg I2i^^slx^l°le ^^aF^ dramoiiah£ ^^^eck 



^'•xiaffedi ^i[t[ 3HniiAiEis ^dith i>^S3xii(Hisdi4i» ^ 3 731^ ^^se xiisah^cii 3 ^^01 
xiaF^Qi "^mm a^sai[}|ie£i4tXFo| jiii^ ^^^s 73igai-^ai £ich. 

^ ^^go| ccp^ i.^^5ix-ll°^£j ^^^Oj| ca^ ^^(iliah^QI i>^^5!x-l|e|M ^dlf[ 

i>^^s^iiojis£i 4.XF ^ 11 xii^ g^se jyigah^Qi aia. 
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£ 3^ ^ a^goj nn^AIOjjOII FeRAW £A|§[ B^S^AH. £10|| 5^MB ShU^I MBllOIM£FoiOil ¥ 3HIIHAI 

a£i ^^¥s^oi ^Aioii ^^010. 

£ 30il £A|^ bh£f ^^01. oi^BY ^ m^Xl^SJl S^S ^^£x||:>| &(31 ) . &l£x^P(EK31 H|l^^e(35). 
X-ll1^3M(35)e ±^ ^ iszMAI?!^ :H?¥S H1 1 § 2 e(35)^^2J m^^B X-ll2g 2g(42) , X-||2^ 3^(42) 2J 

Oil XH^S m¥<Ei^(BE)(41). 6l-¥5i^(41) §J SI2^ (42)^^011 M^B g>^^2ifl|a[(43) . ^CH£ 5h¥5l^(41 Zl 3 
:?|::'^ i^^^xll 0^(43)^^21 ^^¥S^(TE)(44). 4^¥2^(44)£| ^§ iiL#A|5|^ :7H^¥S :?HISAH i^^¥3^ 

(44) il i^^5!xl|ef(43)m Sfe 1-113^2^(45). :^3I31 2^(45)21 D\{=?^m mm ^^¥3^(44)011 M^llO|M2.^2J (PL)(47)0| 

ZIE-IH. &^£ExjPl&K31)^^2J ?-IHyei(32). &l£aPIEK31 )Ui2| ^M3Ab) §y SSHaiei (34a)e 51^^^ AH^ 0|g& 
MgHXI^iEi a g#HB||oi(34a)(HI S^^! UIM^^ol(37)0! BI112M(35)01I £|6H 

XII1#2Vi2ov(35a)g ^ga^^ ^^S 
U|M£foi(37)0| ;3I1#2J-^2I&[ 

r ^mmm oi m^mow Mai^ai 

Ot::>IAH. g:^^@iS&i3(36)^ b|MaFO|(37)° e jl E{ Oil g^APP! ?lt.^ ^i^lM&i30|D1 M£l ^ £1 ^MEH 3 (38)^ BWM 
A\E\2\ m¥5i^(42)e ^HiXI^^EiOll S^APPI e^SEHnom, 6h¥S^(42)5f Mai^ai^MeH3(38) A^OIOll 

^B E\Et^ms!t^HAO)^ mmm\0\°iO\Jl, E|Effe^£|MO!H(39)^ ^msiHgoiCf. 

3d|I2, i[^2x^l&l(43)^ SBT. BLT, PZT, M^gOl §:)^£i>iU ^^0| ^^£1 £11 SBT. £1! BLT. £S PZT. Hll^H^i 

mm, m¥s^(4i)iD[ ^^¥s^(44)B sii^, oiye. ol^l#<i^s^^. ^aife. ¥Eiife<^fi^e. Re. Rh §y oimsi ^i.^^^ 

Xil1.2.3^^g(35.42.45)B mmM S Oiesi gOilAl <y§!B 0|i= SmOIDI. ^51 XII2^2e 

(42)^ TEos. psG. BPSG §21 M^iB^L^m^'Dii {^mm. ^^]Bmm^D{\ mmm a oiesi ^t^^segofiAi muoi 
p. 



3E.II1. X1I1§2^M(35)S ^S2| XIIr;2S^ll2e,^(35a.35b)o^ 0I¥CHX|D1. 

m mm gSHBIioi(34a)01l g^lLlMa3(36):?^ S^£|I2. §^&iM5H3(36)OII 
(35a)&^011 g^£|D1. SE§^ ^^1 1^ 2^ ^(35)^ ^^(34b)2| ^§ ¥^^ k:#AP| 
^MB.O(38), EiE[s^dlAF01H(39) ^ E| Effe^ Sfe|(40) oj ^gsiOl OH^SCf. 
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t^^. J3l2§ag(42)S «l3S2}gastO|Il, SI3iag(45)S SI4S^^§^B^0IC:^. 

£ 4a Lflll E 4dfe s o^go| m 1 ^ a| Oil Oil OJS 2f^S«IDII2£|4:J}°| J3IS g^Sg EAI& S§ BSEOICI. 

£ 4aOII EAIS bh£f ao| , &^Ex^|:ll5^(31)OII ±Xi2} ^Z\m ?\m 4iIIS£l s^(32)S SSSm, &IEfl|:i|5.K31)&^0|| Ci4^ 

21 9i££|oj(33)s a^gt m, ?-iH£fei(33) ^msi s^£x^l:'la(31)u^oil ois^ejggg mm Eii!xi>iEi°i ^z/naiej 

(34a.34b)g g^thO. 

Oi:?|AH, ^^/^&\2\{34a.34b) m ^>:/H£|ieJ(34a)S SIUSI H|Ee.^olo|| g^£|fe ^ sa!XI:i^E|°| SSSth 

s^oM sfgthcKoioi 'seneiiej'oiEF efs^v). [EfE}Ai. a* 4.>/Haiei(34b)s 2| Mgaxi^^asi bq. 
nam, mmm 2\m m^B eisa- ¥ 3ho| egHxi^iEia ss^ asoii fliiseii 5501(353)2 ^ s&sis^ 

^. fll1g2^gaa|(35a)S <ae!^og >A^'§[0\ gSH£l|oi(34a)g £gA|5|fe fll1Saim(EA| ^af)S §^3^. Jtllia 
^SOII gi!i@!Ma3(36)# DHSIAma. 

yeoS, §>i@!»&|Zl(36):?l OHUa :lill1g^^a^a^(35a)fe^0ll bjeyois s^shUI ?ie[ Xil1,3Ee,^S SSfSh «. xiia 
Ee^« ^iii^jos DHEiySKM S^g|»a3(36)» S8H SSHaiei(34a)0|| S^afe tl|S£^ol(37)S l^S^Cf. 

Qm°^. HIM£^°l(37)S SS-a- X-ll1S2}^ae^(35a)&^OII Xilzm^m^^ (35b)S gsf @&S|& m. HI2Sef§a2f 
(35b)3l ai1Sy§e5Qf(35a)S ^2,^S|01 ea!XI>i6|°| :iiii(34b)M i:zSA|3|^ X1l25ejS{£A| ^^)m M 

Oi:'IAH. JII1S21-a2a|(35a)3} HI2S2IS2 e|(35b)S il^aill9HnHA| E| SSSOII 5t¥atSS l^AjSPI 7311 
13S{35)0ia. 

?1I^3HAH. HI2ei!)Sg S&th asoil S£|^£|=S m^'B[Jl OIIXieH ggg SSH «l2esiS0|| M£I^5.|^MEH3(38)M 
OHDAjgj ^, S£I^£I^S£-1Z1(38)&^0II EIEffe^£|A|0|H(39)S SS&Cf. 

OIIIIAI. E|&fe^£|AhO|H(39)fe ElEffe ^ @XH£IM §SH S^EIW. gxH£|^ Olg^S E|&fe# SIIIHSPI 9|& 

^mm M£l^£r&M£Hn/a&fe^£|A|0|H(3E/39)fe MgHX|:iiE|0« a¥ fll2e^S0« DHua =?^s. 

BQ. 

Qm^^. E|Effe^£|AhOI = (39)M SffOII UH£IO|a}e! El &fei!fifa|(TiN)(40)M OHXiewQIU SfSf^IJI 

3||5!SDhg mm fll2S^^aSe^(35b)4^2| El&fegae^m Hi:?1oK)l fll2e§iS0||BI BmM?lQ. 

OIZJIAI. EIE|fe§sfaf(40)# 2^^S»|S|2| gxH£|A|0ll Sf^S^S SSH M£l^£ieg5:l3(38)S «^^i^5^fe 33 

S &^X!5|:7| ?ith UH£|0|9|OSAH, 0|£-i& bH£|0|a}og- El&feaaa}(40)2|0|| TiAIN. TiSiN g OIM°| ^ifg(0||?jQi . 
TiSiN/TIN)gOI|AH OJi^ SmM OlglT 910. 

zm. □&feasQf(40)m bH£ioiai-g o^^a= nHEiyAi eAioii njiEiygoi sF^si^af n ^o\ mmm 4^ 
s ata. 

Sai4!£l5M£IZl(38), E|E^fe^£|A^0|H{39) S E|Effei!sf9}(40)o| ajgms >iS£IXIiiiSeS!(SNC)0|£f:Q 

iii2#2ja2e,M35b)4foa sf^s^M SS6PI :gi2a£Bie e^fs^ ^. xii2aEstg m^^s.^. m&'dm 

0) S£l4!£ieM£|3(38)g #S1I ^^X]±Ei°i 4:ii:(34b)0il S^gfe 81^3^(41)^ S^g-HIF. 
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0\D\A-\^ m¥2^(41)» Sam^ X-ll2£l£^^g ^^(Pt). OIB-iedr), 01 dl §<:i[£}^(l ri) , ¥Ells(Ru). Re. Rh ^ Olfi 

oj ^i^^^^gojiAi oij= mus 5§^a^^cll. o\\m ^s, oiaie, oidi^iii^stg n ^ah^ ^m^' 

(lr/lrO,/Pt)S OlgthCI. 

£ 4b01l £AIE1 bh2F ^^01. 6f¥S^(41)Bj SSIOI ^aH^C[H3}HI BlSg^lS^St (42)^ ^^^^:?i:>il^^Dh EE^ OllxI^ShOj 
Oi:>|AH. oh¥S^(41)§ HI3SZi-^S^^(42)moil QH^A|3|fe Cf^^^go^^^ ojX-i XIISSZl^ ^ Q|(42)§ S^§h ^ HIS 

th^, ^113^2^^25^(42)0^^ TEOS. PSG. BPSG e^J ^^^sf^^I^II {jL^Sg. e.| ^ ^ If a^ ^Ifg oiMHj ^i]-:? 

s^eoiiAH o\}=z sms oigmoi. «ii,2#e>-§ 2^1(353. 35b)£ mm^m^^n42)m m^mm o\mm ^ 

£ 4cOil £Aie bh2f ^^01, mmsiB XIISSZ^^ 3 e|( 42)^^011 5^11 e|(43)e S^^th ^. i^S 51 (43)^^011 ^^¥2^ 

M s^BfiPi m^^^'m m^'mo. DW^mM, msm^^'m mEi^m(A m^B^(4^m n 

U CH e ^^¥2^(44)§ g^thCF. 

0\D\M, ^^^XmiAS)^ SBT. BLT. PZT. M^MOI gPfSl^iU 5^0! £1! SBT. SES BLT, PZT. 211^^:;^ 

^^S(CVD). LSMCDdiquid Source Misted Chemical Deposit ion)a gOIIAH ol-U^ g^^S^ BoA 

3£II2, -^¥2^(44)^ g^m^ HI3S£^^^ ^S(Pt). Ol^ie(lr). 01 E| I . ¥Eitfe(Ru), Re. Rh ^ 0\m 

.o\\M musj gsrgo^ 

^^^m Sx-jg. 5f¥2^(41):Qf ^^¥2^(44)01 i>^^^!x^le|(43)0il SJoH ^2S| ^d|£|01 2*1^°^. "^¥2^(44)°! B:^I 

^m, ^^¥2^(44) HHEiyAi 5h¥s^(4i)3f mm^ BD\^ sf¥S^(4i) iiHEiyAi Q[±^m ^mm 

£ 4dOil !EAie Hf2f ^^01. ^^¥S^(44)e SSOil MAm^m^^i45)m ^ S&^e.^ ^. XII4Sef^2 ^1(45) 

(^:)\M. mm}\E\o\Qi(A6)^^^ tin. ti s t/tin rnowM ams oiee^a. 

CfM^^^ ^^svg d^^^^ ilHEiymOl oiga[ Af«2^(44)e S^A|3|^ MEilOIMeiei (47)p g^t^Q. 

£ Safe s xii2^Aioiioii ^H^mmBEJi^x[2\ m^m^^oiji, £ 5bfe xii2^Aioiioii T^B ^^Bn\m^^\± 
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B[L[9\ blM£^oi(BL1):Q^ ^ :^H2J ?-lHd^ol(WL1.WL2)0| ^^t^^^ UHXISIH. blMd^oi(BL1)0]| 

0101 S^aH »l1?-IH£fei{WL 1)011 D\\0\^D\ HI1^gHl|>,Ei(MN1)2f XiM^^XIr^El (MN1 )Hj ^>i2t III 1»ei|0| ^ ^.^oj 

(PL1) Moioii m^B m^^^^^n\^mMa{FC^)^ oi^chxih, ef^ uim^fokbldoii saieioi s^aiQ xii2^Hei 

oi(WL2)0il D\\0\BD[ m^E. X-1I3^?^1X|^E|(MN3)2F fl|3^^X|:^E| (MN3) °1 ^^S^ M2mm\^^\ 21(912) MOIOII X-il2 
if^Sx-||3HiIHA|El(FC1)^ Ol^OISia. 

£ 5aS| aiOlOh^o^ £AI§h £ 5bS i^^ah^. 2Dn2\ ^Eeiej(WL1.WL2)3f 2:?H5J hl|^£fei(BL1.BL2)OI AHS 

(WL1.WL2) A[0\0\\ U|Me.hoi(BL1,BL2)§ ^^£x^l:?le(£A| B^iDl 9\m bl^dhei ^^(BLC1.BLC2)0| HHx|£|I3. 

afUSI ^E£ie!(WL1)e caah X||13HIIHA|ElSe (capacitor Module; CMDOl UHxian, QB mU£j ¥-jHdFei(WL2) 

e (if£F mmmow M2BmMB^m{cmo\ mx\Bat. 

0\:)\A-\, fll1,23HIIHA|E|S§(CM1,CM2)g ?^Hd^2J#(WLl .WL2) ^^Oil dHxIS blMdfoiei*i^(BLC1 .BLC2)3f 
^ ?-l^£foie(WL1,WL2)2| EF^OII OHxI^Q. 

m^^mME:\^miCm)B ^^^X\\D\B{^M ^^Mlllf e^^lSI^ ^S£IXIi=rH^iii(Storage Node Contact )(SNC1.SNC2). 
^Se.|X|inH^^(SNC1.SNC2)0jl g^S 6^¥S^(BE1 ,BE2) . aF¥S^(BE1 .BE2)e am^i ^^¥S^(TE1)^^ ^ 

sscH. -&^¥2^(TEi)3i- ^^so^ sfcH^siSAi amsi MeiioiMdi-o](PLi)oi uHxiaiQ. -y¥2^(TEi)°j mm m 

BOiieh SS||0|^sjoi(pLi)3^ ^^¥Sl^(TE1)e g^AI^PI 5HIIHA|Ej^i«(CAPC1)0| dHxIHCh. 

32.132. HI29HIIHA|EiSM(CM2)g &^£x^PI &(£A| ^^£1^ XI^H^i^l (SNC3.SNC4) . XI tH^ii! 

(SNC3.SNC4)0|| a^¥2^ (BE3.BE4). a^¥^!^(BE3.BE4)M ahUSI ^^¥^!^(TE2):P^ ^SSIffl. -^¥2 

^(TE2)3f e^'^^ ^^go^ 2b^g£|^AH B\L[9Ji MSil 01 M^fo] (PL2)0I HHx|£|ffl ^^¥S!^(TE2)S| ^BOiief MSilOlM 

£he!(PL2):Qf ^^¥2^(TE2)S ^^A\3\D\ 9\m ^HilH Al E:ieS!(CAPC2)OI dHxOa. 

^Oll^ Iil19HnHA|E^He(CM1) S Xil29H HH A| El S^(CM2) Oil S^OiAH, 2,^ 9HIIHA|EiSB mUSj 9|(F)M ^^af D1 . 

¥S^(TE1.TE2)0I SEllO|e£^oi(pj_i^PL2)oi ^^Q. 

£ 6a LHXI £ 6d^ ^ ^I2^A|01|01I CEfe i^^^XIIO^IS^I^X^°l ^^mm £A|S[ S§ BS£0|Q. Oj:?!AH. 2| 

oiaK y-y'>fioii c^g m^^^ ^sanDi. x-x'doii [^^^ bs£^ ^^\^^^ M^moi^ mo, 

:>i£is u&^ai mms 9^^E}2l{53)m ^. ?-iHdFei(53) %'ms\ ^^£x-iPie(5i)Lnoi! ois^gjggs sen ^ 

0\D\M. ^^/££lie!{54a. 54b) m (54a)^ o[L\2\ U\^E}21(BU)0\\ g^£i^ ¥ Mg«XI^Ej2| e 

gsijs^^^ ^^ethcKoia^ 'seHaiei'oiaF ^^s§^). ca^FAH. e^^ ^^/HBiiei(54b)^ m^hxi^^eisii ij^>i(oia^ 

QM^^, g§0|| o|g|| g^Ei egHxi^EIM SSPil 73l1SZ}^2^^(55a)§ il g&lft.^ ^. ;^ill1e^^ 

SiM£i3(56)M OHi!AIE!P. 



£oh« <MiH5io^ HHEiymOl §^^M£-i3(56)e gSH fill oj (54a) Oil bl^£fei(57)g SSt^CK 

a^o^. biM£foi(57)e £i^•t^ flii#e}i2^K55a)4^oii mm^m^^' (55b)e ai s&a^^ ^. ;gi2S2i§SQt 

(55b)3f X-||1#ei^Sa^(55a)e ^x^^o^ ^^^ohOi MSXI^^EISI 4^>i(54b)e i^^^AI^I^ XilZE^SCSAI a^)^ 1 

?ii^^D^» mm mm2}m^^'{55b)^^9\ EiB^mm^m xiiiHahoj ma^itimoiis^ sh^Ai^p. 

Oi:'lAH, EIEIM^lf°|(60)g ?,^^SX-||Q|Sj ^X-iEjAIOll ^:^D[ B[¥^^m mm MEI4'ai^MBd3(58)^ 51 

M dHEIOia^o^AH, Oiath dHEIOjejo^t El EFfe§ S°|(60)21 Oil TiAIN. TiSiN ^ 0|^£| ^i,^M(0<l?Hai . 

TISiN/TiN)gOilA1 Oii=: SfUS Olg^^ ^ 2^C^. 

^t.^. Eiasglfe|(60)« HHdlOlSf^ 5^¥^^ IIHEiyAI SA|0|| HHEiyaCH H ^01 e^^^ ^ 

£ SiCI. 

51xH^. I-]|2e^M01l OHHtl^ MEI^EI^My3(58), El Effe^ El AfO|H(59) ^ El Ef M§^e|(60)S| ± 
SE|Xli3cHe^(SNC)0|EHl ^^^P. 

a^^^^ xii2ez}^^^^(55b)^^oii m¥2^)s m^moi ?i§[ xii22!£^^e m^'m ^, mm^^m ^^^^^ nHEiym 

01 :ri£EIX|l:iHsiHg g6H MSliX|^EH2J ^>^(54b)0il §^£1^ a^¥^^(61)M g^tha. 

Oi::'|AH. m¥S^(61)e m^m^ XWZ^^^'^ ^^(Pt). OIEI^(lr), Oj£|§<i^^^(lri). ¥E||fe(Ru). Re, Rh ^ 0\m 
HJ ^i,^^^M^0ilA1 <MEH£| Q^i^ g^Lfg 011* MS. OIE!^. 0|Eie<i^lfM ^ ^S2| ^AHS ^SS 

(lr/lrO./Pt)e OlgthQ. 3EII1, OIBHgh 5F¥S^(61)M 01^^ MZB^^S mmD\^^^^^{CyO) . MEPI^^^^^S 
(PVD) i! ^X^S§^^^(ALD) gOllAH mU5| '^s^gg gsH e^^^EF. 

e[^. x-x'<yoii mm &S£S 4^aias. a^u^i ?^he}oj(53)s (rfEF hh^^i^ ¥ :'H^ 6F¥S^(61)^oi ah^ ^§ >i 

EI5 ¥31 iiH<!i^Sfe|(52)01l 21oH ^EISISAl g^Sa. ^. ^ :)H°1 5f¥3^(61)^ S^S^^^Oil M^^Xl a^fe 

Ef. 

£ 6boii £AiEi yh2f ^^01. m¥s^(6i)s ^mm seoii xii3ee^^s^^(62)M e^^sh ^, a^¥2^(6i)Hi ssoi HE^ 

b^(Di7?H! XII3eef^29,K62)e a^^^:?l?il^SD^ SE^ 01|x|«iio^ S&lfmo^ Xil3§2}^3Qt(62)LH0il 5^¥^^(61)01 OH 

^ 3iEi:?^ goF s^oiiAH ^^011 S16H m^ mo\^ \amo\\ m^mj\ .y\^B}a. 

3EII2. a^¥S^{6i)g xii3sei^ 2 ^^(62)141011 0HiiAi3i^ De'^^SH^^. mx^ M3m2}m^^H62)m m^m m ms 
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eis, x-ii3#z}^^^^(62)^^fe TEos. psG. BPSG MR-\^'t^m^'D\\ ^^mm , u^iBmm^^^^i ^2\m ^ OIM^ ^1,^^ 
^se^oiiAH cHi^ 5m» olS5^D^, M^,2m2}m^^i55^, 55b)£ flisseta^^^-cea)©!! ^ss a^gg oism^ ^ 

^W^mM, X]\3m^^'m EHEriymOl af¥S^(61)3f 3 BD\D[ ^Dili CH BCN d|^£fei (57)Ilf HxFsfe 

(61)^^21 ge 63)4^011 sa^a. 

Oi:'l/d. i^^^X^|S^(63)^ SBT. BLT. PZT. M^^OI mDiaDMi S^OI £g SBT. £S BLT. SEg PZT. IHI^M^^ 

s^S(CVD), ^^^g ^ LSMCD^ eOilAH ilfj^S mU°l ^^^S^ m^^Q, 

nam. ^^¥2^(64)^ m^m^ msm^^'^ ^e{pt). oi2.iM(ir), 0I£lMA^a^(l^^), ^eii^cru), Re. Rh * oie 

21 ^W^^e^OilAi Oli^ Si^ShW. Sfs,0|Ahss^g(cvD). M£Pl^^e^^S(PVD) S ^XhSe^^S (ALD) m 

^^^m ^x^g, SF¥5i^(61)5f ^^¥2^(64)01 i^^^!x^|^♦•(63)0|l 9\m &5!5l^d|£|0j ai^H^. -&^¥S!^(64) °l ^Jl 

£ 6doii ^A\B u^£^ ^^01. iy¥s^(64)e ^mm e^o\\ xum2}m^^(65)m a s&sft^ ^. x-x'<hoii ccFg & 

^£ S^^Sm^. X-j!4SZi-a2^^(65)e ^^^ei-OI ^^¥^^(64)S| g= ki^AI^I^ 3HiIHA|E|^^(CAP(/C- 

APC2. £5boii £Ai§)§ mm M3B^m(^A\ ^^)m m^ma. 

^\\^mA-\, msB^mm ^%'m sisoii mbiioim^oiui m^m9\ m^m mm mm\i^\o\^(66)m m^m 

m, ^<!L^uH£ic>]°i(66)g.<y^5!o^ nHEiyshoi fli3^-i*isoiie} BnM^a, 

0\D\M. mmW^\0\^{6e)^^^ TiN, Ti ^ T/TiN eollAi i^iiia mUS OlSf^O. 

D^:^^, ^<ii^dHs.icH^^(66)s ^mm mmow senoi^dhejg m^n^Ji mm e^^s^ ^^^^m 

HHEiygfOj U|e£fo](57)o||^ ISx^mfe ^^Ifo^ bH^SIK ?-l HE^o] (53)01ife U^SI UH^SIH ^^¥2^(64)M gfe Ti/T 
i/AI/TiN^ ^AH^ Mai0|^2|oi(67)e g^&D, 

t^a. x-x'iis!0|| mm MBllO|Mdfoj(67)B gS ^^¥3^(64)21 ^^^BOil g^El fll3^^MS SoH 

^^¥^^(64)2F mmm gfg^^ isea. . 

o\9\ ^o\, Ji\3^mmm MBiioi^dhO!(67)2j ^eoii°> gsaf°^ ^s^oi cehchise m^^oii ¥SS ^xi ^ 

^^^m j:ii2^aioiioii^ ^^^2\ ^HUHAiEioii BwmMBBmm m^n[x\ MsiioiMa}-oj(67)2i mm mBo{m m^m 
5^H^ ^^xj ^^Aioji ^^2|o| 3HiiHAiQoii Bmm m^o[^ o\d^mm mm ^ sici. 

ndllQ. 3HII}jA|Ei0il 9\m Efxffe ^^¥S^B| EfX^e^o^ MOiHH^ Bx}Q{\ 2\m U[±B. ^^9\ ¥&M 4^ 2i 

^m. ^^¥S^(64):i» 5F¥S^(6i)2}2j B^m e^^H^ ^^xitr^si ofL|^^ i,^^^fliQ|(63)e ^^^aui s^hh^ 
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tha, »i2^Aioiioii>Mfe salolMd^2!U^ EiBfesi ^^m g^xls^:7l mi^\i\{sio\^'m Msmn sisu. s},^>bH£ioiafoi 
sssfe 3HIIH Alee §101 Maioie£^2jo| gcfoii g^fiin sioi sissjo^ MaioiMyejHs^a ^1i^5^fe Eia^oi ^ 

^. a}<yblie.|Oie}M 2!gSfe S^OIIfe s^<i^BH£|CHe^ ijatAI S^^2| J3l3#Zh§3etoj o^goi 3|li!§0|| D}^ ^SSISS^ 

2|0| :JF^S|-HS S^bH<y2| §EHM £fe!gai:di(wine glass) gEHS ISSK)! BD\D\ B^TAm 

SI DHUOI gOlofP. 

E 7^ ^ fe^S°J HI3^'A10)|0|| (HB fl|C))l2ai4i»2| UEftd e||0|0fS£0m. SUS. fll3^A|01lfe HI2^A|0t| 

E 7S E 5a°i my[m^m ms am ^llolo^5ESA^. BrnMBJi smsi i^ss«ia|(F)m g^sm g^tfo^ 

bHS^ 4'-¥5!^(TE1.TE2)0| Cf^SJ 5^¥^!^(BE1 ,BE2,BE3.BE4)§ Sfe 5!« E 5b2f e^SfU geilOl e£foi(R,PU)3} 
4*¥2^(TE1,TE2)S ^^A\3\D\ 9im 9H1IH Al B ^§"01 g^Sax^|S^(F)4^0l| □!£! ^HSjog 5^¥a^(BE1 .BE2.BE3,BE4)S 
S\^<i< ^dlS §01 E 5b£f psa. 

^. 23H°I ?-IE£^o!(WL1,WL2)3} 23H°I UIM^^2J(BL1 ,8L2)0I AHS iiXhSffe g}if(OjmQ|, ?-IEdfojS ^^go^ tiWmm 
2. blMdF£!« gflfo^ bH§&)^g HHXI301, 94E£h£l (WL1 ,WL2) A^0|01^ b|S£^ol(BL1 .BL2)S SIEXIPIEKEAI ^ 
SejSPI ipleh b|e£fei ^§1(8101 .BLC2) 01 bHSISIQ. ShUSJ ^ = £fe!(WL1)m .OJ£h mmS[D\\ 33l19HnHA|E|SM 
(CMDOl bHXISIl, PS Smsi «E£fej(WL2)g (r^£^ S^SMI fll23HlIHA|EISS(CM2)OI mt\BQ. 

CAD\M. III1.23H1IHAIEI2S(CM1,CM2)S 9IE£fe!S(WL1 ,V»L2) ^^011 UHXIS d| e£foiai!{g(BLC1 .BLC2)a S^SXI SfE 
^ ^=£f2JS°| EI^CHI bHXiaa. 

»l13HIIHA|EHeS(CM1)S eiEXIPISCEAl SS^EIfe i^££IXIliiEei!j(SNC1.SNC2). riS£|X|EE = §« 

(SNC1,SNC2)0|| S^S Sf¥S^(BE1,BE2), oh¥S^(BE1 ,BE2)MS SAIOII Sfe 5^U2| 4f¥£!^(TE1 ?SE|ffl. 

5!^(TEi)2} mmm gftro^ sbHsasAH sm°j saioieyoj(pLi)oi bHxigw ^^s^dEDSf i^ssfliatCF) ajoioii 

5^¥^^(BE1.8E2)S Sm^ 3HIIllAiaea!(CAPC1.CPAC2)0l UHxISa. 

Z1£|I1. «l29HlIHA|Eje#(CM2)S S^EXIPIEKEAI «af)3f giljElfe >iS£IXIi3iEe§l(SNC3.SNC4) . ^M£IXItE=aj 
(SNC3.SNC4)0I1 S^S Sf^S^ (BE3,BE4). o^¥a^(BE3,BE4)Se MAIOII gfe 5m°l #¥£!^(TE2)oS ^^Sffl, 4f 
¥a^(TE2)a §S& ^^ifoS S.ii\Wa&M §\Ut9\ S5II0I E£^o| (pL2)0| HHxISW &^¥a^(TE2)3^ i^Sax||B^(F) AfOI 
on of¥a^(BE3,BE4)& 3H]IHAia^g!i(CAPC3, CAPC4)0| HHxiaP. 

III13HjiHA|EieM(CM1) S «I23H1IH A| EieS(CM2)0|| 2tO|>M, 2t ^HffllAIEISB Sms] a^SX||e|(F)g g^&a. 

E 8a UIXI E 8dfe S ^^S2| «I3^A|0||OII [Qs i^^axil D1IS£| XIIS gfSg EA|& g§ eSEOIQ. 01^ E 

721 y-y"^oii mm esEM eaisfs 91q. 

E 8aOII EAia aiSi ^^01, S^EX||3|^(51)0^| ^EIM ?leh SE6hSfaK52)e §So^3. a^Ex|l:»l^(51)4^01l ±m 

:>]Z\m Li^§\ UHga ?IE£JoJ(53)S §S& ^. 9IE£f2!(53) g?^°| S^E^^|:7|e(51 )mO|| OIB^gJgSM S6H M 
&X\±&2\ ±^/^Sl\21(54a.54b)m m^mO. 

(AD\M. :i>i/Eeiie!(54a. 54b) m 4;:i:/Eail2!(54a)S Smsi bIMBfeiOII g^£lfe ^ MgHXI>iEI°| SeSlf 

£t 2.'§sf):?h €!a. 
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Clgo^, aiMyoi(57)M Himei^2et(55a)^^0|| HI2SZll^et (55b)M S! ^. j\\2m?im^^' 

(55b)3^ HI1#^^^^e|(55a)^ ^xh^o^ ^^^5K)j 2| M^HXI^EiS) 4:^(54b)S iii^AI^I^ ;t||2^ii|S(£A| &^)m M 

DH^AI^ S£I^£!eM2H3(58)^^0|| E| E^fe^ B.| AhO|H(59)M g^Hha. 
SSOl OI¥0)5!CK 

#e.|^£I^MeiD/E|E^fe^£|AhO|H(5E/59)^ ^^jXI^ElSI ^>^(54b)01l S^£|D1. 33l2^iiJSOil DHiie 

^\\^^u\m mm mzm^im^^ (55b) Eia^^msie ;gi:>i5K)j ;gi2^i!iM0iie} &#Ai^a. 

oi:)iAH. EiEffeg£fai(60)^ i>^^2x^iQ|£i ^xHdiAioii A[>i^:?h m^s^s mm M£i^e.i^MeH3(58)^ ^<i^m^ 3^ 

m bH£ICMe|o^xH. 0|2HfF dHEIOm^^^^ £| Ef^S 1^^(60) 21 Oil TiAIN. TiSIN Si OIM^ ^l.^^(OII?j CH . 

TiSiN/TiN)eO|IAH Oll^ Sms 0\mm ^ 9iOt. 

SEth, EIEffegsfaf(60)M UHB-ICH^^^ ^¥2^ IIHEiyAI ^AIOII flHEjysiOi m¥S^5f 3 '^01 m^m ^ 

^^^Sh :^dl2giiim01l DH^a^ Mdl^BI^M£0(58). Ej Effe^dj A^0|H(59) ^ Ej El^^ a^^(60)2j ^S^^^ ^ 

OiD\A-\. 6F¥S^(61)e §^6^^ :»^I22£S|^ ^^(Pt), Oiaim(lr), 01 dj 1 rO , ^Eilfe(Ru), Re. Rh 0\m 

2\ ^m=i^^mmo\\M oiin s[\Jtm st^^sf^Qi. oiis m^, oidi§. oldl^<i^sfM ^ ^a-i^ mm^ 
(ir/irOx/Pt)# o\^mQ. naiii. oi£i& ^¥2^(41)^ 01^^ fli2S£^^^ (cvD) , m^\^\^^m^^ 

(PVD) ^ ^XfSe^^g(ALO) gOllAi gSfgg g6H e^^SCI. 

£ SbOII £Aie U^2f ^^01. 5^¥S^(61)M S^Oll XII3S211 2^ 0,^(62) S gsfth ^. m¥S^(61)H| S^OI H£] 

brcoiTJUi M3m^m^^(62)m m^^^\^\\^^Q[ se^ oiixi^o^ s^fifmoi :gi3#zige9t(62)LH0ii m¥S^(6i)oi oh 
oiiticH. mm?}m^^(62)m m^^DiDW^^um^ s^oii^ 5^¥2^(6i)2j sesi ^^oi oioiahw. ^s^si s 
ndin. 5F¥£i^(6i)e mm^im^^iezmm ohhai^i^ om g^s^^^. eixi M\3s^m^^{62)m m^m m m 
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mm. Msm^m^^ {62) 9,^^ teos, psg. bpsg ms\ ME\^^si^^\\ timm. ^aiesset^ii mmm a o\m^ mm=? 
£ 8coii £A|E! d^£^ ^^01, m^^^ M3m2}m^^H62)'^m ^^^xmm)m m^mo, &id\m. ^^mxm(ez)E: sbt. 

BLT. PZT. g^eOI ^D\Si?]L} ^^01 ^^B £S SBT, £S BLT, £S PZT. m^^±d\0\^ =?^9\ ^^^Xi\^' ^ # 

eoiiAH lysiB am^ e^^SM S6H e^^eci. 

AiEH^o^ Aipvs^O^ ^,^^2X^|9^(63)2] ±S R^m ^SAI^I^ 3HiIH A| El (CAPOM ^Itl ^iiim(69)S SSt^Q. 

mm, BmA\E^^mm B^mies) s^ai. ;tll4S^^^e^s|(65)3^ §svs(68)2i m^E: ^M^^m s^^ql oi^ Mei 

£ BdCHl £A|B tl^2^ ^^01. ^HMAIEI^^M Bmm(69)m 20011 ^^^S^(TE1,TE2)M §^5h:»| H132 

:^l^5HA-i. -S^^^a HI3£i£^^S HHEHymOi 5^^2i^(61)3F Zl BD\J[ a>IU a Bffl uiM^Feia inxhm^ 

Biioi^eiej(67)m g^^^a. 

0^:?|AH. iy¥5!^(64)^ ^^(Pt). OI£ie(!r), 0I£IM6.HfM( I rC) . ¥Eil^(Ru), Re, Rh SI 0\m^ mm=^^mmO\\M M 

^B cHhz sme 5i,^a^D^. I^s^:)|A^gs^g(cvD). gaiPi^^e^^scpvo) a ^»ee^^s(ALO) eoiiAH musi g 

SaiO!Me|oi(67)S TiMTi/AI/TiN2| ^AHS ^SB S^^tS 0|g^^c^. 
^^^e^ ^13^A|0II^. a eSHAH i>^^ax^l^^OI Sd^^DfOII ^ig iiiesiXI &^oo^ M£^2SDK)1I 2\m ^^^^xm9] 

mmm ^xiiam, 4^¥2!^3f m^a^Hi BD\m m^sm m^^m ^ aiw ^chsi ^HUHAiErisi B::)iuioiiAi ch s^e asF 
m Mmm ^ aia. 

£ £ 5a^ e::>^^^oii mm SECfe biioio^S£^ah, 9i]iiHAiEH:?h musi i>^^ax^iQi(F)M ^^a^ii ^^i>^^ 

^ UH^B ^^¥S^(TE1,TE2)01 6h¥S^(BE1 .BE2,BE3,BE4)m Sfe 2^ ^l2^A|0j| ^ HI3^A|0im ^^miil 

^xm(F)^G{\ &^¥3^(TEl.TE2)e S^A|3|::»I ^m 3HnHA|E|^iS! (CAPC1.CPAC2,CPAC3.CAPC4)0I Dl£l ^^'^^^ ipb|Ei 
3ia ;ill3^A|0il2f e^6hU. MaiO|M£FeJ(PL1,PL2)0| 4r¥5!^(TE1.TE2)5J ^BOiie^ 'rl^S i^^H SOI M\ 

2^A|0|| ^ :gi3^Aioiia D = 

^. 23HSI ¥-|He^oi(WL1.WL2)3f 2:>H2| Ul^S^ei (BL1 .BL2)0I • Ai^ JHxfSh^ ^^ITCOIItiCH . ^^E^^^ mmS[ 

H dmdfoig ^^go^ HH^i,^)^^ bHxl£l01, ?^Ea^e](WL1,WL2) AFOIOil HIMdfo] (BL1 ,8L2)S &^£^lPie(£A| ^ 

^^api oma^o] ^iij(BLci.BLC2)oi oHxian. mu°j ?-iH£Fej(wLi)g mmmow M\^^mME^s.m 

(CMDOI dHxISH. QB 5fU^ ¥-iH£fe!(WL2)S CLfdf ;tll29HiIH A| Ei S§(CM2)0| bHxIBCf. 
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OiD\M, HI1.23HIfllA|Eje#(CM1.CM2)^ ^H2}eiM(WL1 .WL2) ^^0« HHxIS b|^yoiaeHS(BLC1 .BLC2)a §^£IX| 

7ai13HilHA|EiS^(CM1)B &}£5yi:?l5.K£A! ^i^iSlfe XliiuHeiiJ (SNC1 .SNC2) . ^i^ElXlicH^^ 

(SNC1.SNC2)01I m^2^(BE1.BE2). m^S^(BE1 .BE2)Me ^AICHI o\L\9\ ^^^S^(TE1)^^ 

S^(TEl)3f i,^^3x-im^(F) AhOIOll 9HnHAlE:|^^(CAPC1.CPAC2)0l bHxIEIH. ^^¥a^(TE1)£| ^^^BOil B\\Jt9\ MSIIOIM 
E.hOi(PL1)OI g^SCK 

32.111, X-ll29HIIHA!Eieg(CM2)B «^^X^PIEK£A| ^^£1^ ^ME,! Xlii^H^iil (SNC3,SNC4) , ^SB.! XI ^H^iij 

(SNC3,SNC4)01I m^m^ (BE3.BE4). m^S^(BE3.BE4)Sg eAIOll B\L.[9\ &^¥S^(TE2)^M ^S£lDi. 

¥5!^(TE2)3f i^^Sx^|^^(F) MOIOil 9HnH A| El^Sj (CAPC3.CPAC4)0| bHx|£|I2, ^¥i^^(JE2)9\ m^M^OW B\Ut2\ SE||0| 

M£hei(PL2)oi s^sa. 

40|oh X-1113HIIHA|EHS^(CM1) ^ HI23HiIHA|EH£^(CM2)0iI ^lOIAH, 9HiIHAl£]Se 5hUH| i^^2x-i|Q|(F)e g^t^CK 
£ 10a UiXI £ lOd^ ^ m^9\ »l4^A|0||0il mm ^^mX]\ OilS£l ±X[9\ £A|eh S§ BSSOIP. 

£ lOaOl! £Aia Hf2^ ^^01. £x-iPI 5h(51 )01l 4:XfZ} ^dlS ^H<;L^a^^(52)M §^6^12. &l£x^j:?|^K51)^^0il 

^X|>::E^S| :i:>^/Haie](54a,54b)§ S^thP-. 

Oi:?IAH, ^^/£eil£i(54a, 54b) m ±±/^^\21{5Aa)S mU2j HlMdfei (BL1 )CH! S^SIfe ^ MgilXI^Ej^ g 

Sgi^g«o^ ^SehCKOIS^ 'SSHeiiei'Oiei ^^Si,^). WtEiM. E}m ^^/HSliej(54b)^ MeHX|:iiE|2| *^^(OI5h 

^e^''(55a)m ^^^ahOl Sg£ai2J(54a)e inSAPI^ HI1^^S(£A| §^51-11. HM^^SOil ^± 

liiMBd3(56)S OH^'Al^a. ^ 

^Qv^ ^EH5{o^ DHsyshoi g>ieiMeH3(56)s mm gSHaiiei(54a)oii s^g^ 01^^^01(57)^ g^^hc^. 

(55b):QF ?ai1S^^lSQ|(55a)S ^xF^^S ^^'•^01 2| egHXI^^Ei^J 4^^(54b)« in^API^ X^I2=f^S(£A| 

yi\^mM, xu^^mm s&t.^ sisoii sai^ai^g ^^fam oiixi«f! ssm mm xii2^iSisoii MELi^£i^^E-i3(58)g 

¥^ OHi!A|^! ^. M£i^£ISM£i3(58)^^0|| E!E[fe^ £| AF0IH(59)S SS&CI. 

g§oi oi^oisa. 

^^#e^ S£l^dl^S2HD/EIEI^^dlAF0l£{5e/59)fe ^gHXI>iE|2| ^>^(54b)01l £¥ 2^£Jffl, ^312^^^011 ¥^ OH^E 

ae^^^ EjEffe^diAFoiJE{59)s s^oii bH^ioi^^ej £i&saif^^(TiN)(60)M m^'m oiixi^oiu m^^D\ 



14 



m dHd!CHa,^^^x^, oi&it^ dHaoj^^o^^ Eia^g if ^4 60)21011 tiain, TiSiN s oimsj ^i.^M(0||^ai. 

TiSIN/TiN)e01lAl 0\}=z S[L\m 0\Bm ^ 9JiO. 

0\D\M. mmm^(e^)m X-ll22£efB ^^(Pt). Oi£l^(lr), 0|E|^<ii^Sfe(lrO. ¥Ellfe(Ru), Re. Rh ^ o\m 

9\ mm^^mmo\\A-\ <Mi«sj muM Mt^af^Qi. oiim ms. oiei^, oidie<^ihifg ^ ^^hi ^ah^ ^e^^ 
(ir/irOx/Pt)# oigt^a. nam, oia-ith 5f¥Si^(4i)e oi^^ xii25i£^^g i[^^::'r:^^e^^a(cvD), ge.pi^^ss}s 
(pvD) ^ ^jfee^^^(ALD) mowM mu^ e^^gs Soh e^^sa. 

b'lIH^^xl m3m^m^^(62)m mm^D\D\m^n\ se^ oiixi^o^ seifshoi xii3SZf§^9|(62)LHoii -sF^s^ceDoi oh 

mm, si-¥si^(6i)e x-ii3se}i^^K62)LHoii 0H^'Ai5i^ ^^s^^^. mm?}m^^'{62)m g^eh ¥ ma 
#e}i^oi(62)s ^^^sFoi m¥S!^(6i)oi m^m ¥ss !3^#ai3ii2, ssoii x-ii2a£^^M m^'m m o\\x\^ 

ni3#z^i^^^(62)^^^ TEos, PSG. BPSG MHj ^ £1 ^^^if 't^mm, ^'Ei^^s^^:^! ^'s^M i! oiM^ mm^?- 

^mmOWM CHi^ mUS Olgo^K, fll1.2eei-^3S|(55a. 55b)£ Xll3SZI^^R(62)0il ^^MM 0\^m 4^ 

£ lOcOil £AIS bh2f SOI. ^i^lf^l HI3#^^^e^ 31(62)^^011 2.^^2 Xjm^(63)« e^^t-^Q. 0\DIM, i>^^Sx-ll ^^(63)^ 
SBT, BLT. PZT. M^gOl g:?Fa:>1U ^^01 £S SBT. £S BLT. £3 PZT. ffll^M^^hOlM ^^Hj a^Sx||e| 

i! fiii^H^9hoiM ^^^xm rnowM o\}=z sme s&^okw. msf:?i^^e^^g(cvD). ±m^m s 

LSMCDS rnOWM MmB 5fU2j gs^gg eSH m^BQ. 

Om^^, ir^ 5! XII Q| (63)4^011 Xil4e2i^^e|(65)5f S^^e(68)e xFBll^ SS§h ^. g£r#{68)jl} XII4SZI^^Q|(65)e 
^6H^o^ Ai2ts|-0j i>^^3x||e|(63)°J see l2^#A|9|fe 3HIIHA|Eie^ (CAPOS ?lt^ ^iNS(69)S ^^H^Q. 

Oi:?IAH. 5HnHA16|g^S e^a(69)B ^^¥2^3} Xll ^^(63)01 ¥^0101, g^^e(68)o^^ Tb. 

AiAS oigihcf. 

th^. 3HiIHA|Ei^§iS ^iiiS(69) ggAI, X||4Se!^2^K65)5f §^^S{68)o| ai^ib ^^^^^§ af^Ql, 01^ S£f 

£ lodoii £A|£| HF2f SOI. 3HiiHAiE:i^^e e^s(69)s ^mm s^oii 4>^¥S^§ g^api m^^^m s 

^, ;dl3S£a[M ^^Sm ^^¥^^(64)S Sat^CI. 
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0! dJi. -y¥S^(64)B m¥£!^(61)3f 3 BD\D[ ^7]Ut CH 3ffl UIME^oiHf JllxhSfe ^^S^^ HH^^a. 

0\D\M, ^^¥3^(64)^ eiieCPt). Oiaiedr). 0|£|#AhS^(lrC). ¥ais(Ru). Re. Rh S 0IM2| ^i^^^egCHIAH <M 

CIM^M. £ lOeOII £AIS b^2t ^^01. &^¥51^(64)e #51101 M 2121 (PL) # S^ah!?! ^^^m 

£ 10efe £ 10d£| x-x'<MOil &e£^>M. MB||0IM£Fei(67)B a4^^ aF¥5!^(61)e ^^¥S^(64)HJ ^ 

&Oi|D^ S^EIH. 2| m¥S^(61)0il M2.|^£ieSaH3(52)S^ ^£^[£[^1 (52) Oil £|oH AH^ ^diSIH^JW B[ 

¥a^(61)S ^£|A|3|I) 2ia. 

t^^. Maioieafei(67)^ Tih/Ti/Ai/TiN^ ^^^^M oist^a. 

xii4^Aiojife xii3^Aiojioii mm muF^ioii ^^¥S^(64)i2[ MaioiM£^ej(67)e ^Aioii nHEiyohxi a'n, i^^¥a^ 
(64)&>e DHEiymoi MeiioiM£mo^ Afg8^:?i ^m, iy¥S^(64)^ ^boue^ S5iioiMe.Foi(67)s s^a^e £ih^ g 

aiO|MS.h£J(67) ElEffeOI ir^2fl|Q|(63)H^ S^^hgOi SlfA|3|^ 2« g>^XimW. 3HlIHA|Ei 

£ 11a mil £ iidfe e ^^s^ ^is^Aioiioii (ue i^^^x^l(}|le£l^x^o| sAith s§ B^esAi. :qi3^ai 

01l2f mD\m^ S aiOIOhSe i^^CI. »0|gOI SiCfS. 9HIIHAlEi^i*!0| ^^¥S!^3f MB1IOIM£FOI AhOIOil 

§oia. 

£ llaOil £Aie b^£F ^^01. I )Bf ^^a^S^dDOl SSIS o}£x^p|&(71)0jl ^dia ?leh §H<i^^9| 

(72)g saa^n, ^^^x]\D\mi7^)^^9\ i )aii Tizim ^Ji mms. m^^\2i{73)m m^m m, 

•21{73) %^m2\ &^£X^PI5.K81)LH01I Oj^^oiggg MgHX|>^E:joj ^d/ ^^\o\(7AaJ4bJ4c)m M^mOt. 

0\D\M, dt±/Bd^\21{74a, 74b. 74c) g ^'^ :^::^/HEll ei(74a)^ ^S^^ Bl ^^^oi (bli )0i| S^£J^ ^ M^Xj:::^ 

EH^j sssa^s^o^ ^^g§[cKoim 'seHaiei'oiEh ^^^m). nfsun, ei^ :4^^/Haiei(74b)s Maiii^Ei^i 4^ 
^(oisF •4i>^'£f ^t*ji^):pi- £1:3. ^^u^g^{ II )oii m^B :4^>/Haioi(74c)^ ^^si^s^dDHi hime^okbl 
p)oi ^^m ¥^0Ic:^. 

13^^(75a)e ^Si^o^ ^^IShOi SgHeiiei(74a)ia ^SS|^S«(ll)oi :ii^/Haiei (74c)M in^AI^I^ ;iil1^i*jm(£ 
Aj ^^)m m^B[IL. 7^11^^ = 011 §:^0!M£i3(76)» W^MtlO, 

Qgo^. §^ii!M2d3(76b)Ph OHil^ XIMSeiS 2 ^^(75a)^^01l d|M£feig m^B[D\ 9\m 7:il1S£e|g m, X-II1S 

<MiHajo^ HHEiymOl §>i:iyMeH3(76)g mm SgHeil9J(74a)3f :4^^/Hei|oi(74c)0|| g^Slfe U\mE}o\(77)m 

agom. di^E|oj(77)M Mim^m^^n75a)^^o{\ mzm2}m^^(75b)m s ^. ^i2se[^2°} 

(75b)I2|- ^l1#2}^2^^(75a)M ^xh^o^ ^'^^shOf ^ m^J\:^B9\ db:d^(74b)M ^^A|5|^ M2^^m(^A\ ^^)m M 

DW^mM, mzB^mm ^mm rn^ow Mai^diee e^rgm o\\x\^ g§e mm mzmmmm m^\^E^Bm^^n(78)m 

¥^ OHHAI^ M£l^£I^MaH3(78)^^0iI E|Effe^E.|MO|H(79)M S^t^D. 

0\D\M. EIEl-fe4'£IAfO|H(79)^ E|Ef^ g gSH S^aW. gx^d|^ Ql^g ElEf^g Xli:>l5P| ^i^^ 
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^§01 oi^oisia. 



e bHBIOieto^A). Oiedeh bH£IOiaro^^ E|Effe§st^^(80)2|OI| TiAIN. TiSiN SI OIMS| ^t^eCOH^CH. 

TiSiN/TiN)e0IIAH 0\}=l ©me 0|gS 4^ oiQ-. 

2xHg. 1-112^^^011 QH^£i^ Mai^a|gM£13(78). El E|^^ d| AfOl ^(79) ^ E! Elfe^^e|{80)3 ^S^^^ ^ 
01 :i^SdlXI^H^^(SNC)S mm M^XI^EI^J ^>^(74b)01l m¥5!^(81)S S^t^Cf. 

0\^\M, 6h¥S^(81)e g^ai-^ HI2S£^^^ ^S(Pt), OIEI^(lr). 0\^\m^mm{\ri) , ^EII^CRu). Re, Rh a! o\m 

2j ^i,^^5&^eoiiAH <MEH^ OIL B[utm ^m^[^Q\, oiig m^, oiaie. o!di§<i^l^^ ^ ^ah^ 

(lr/lrOx/Pt)m OISH.K:f, ZLEIJI. OIE-I& mV5!^(41)e Ol^fe MZB^^^ l^^OI (CVD) , MEPI^^e^^S 

(pvD) s fiXf^g^^a(ALo) eoliAH {^^^ smsi e^^se mm m^'SQ. 

£ iiboii £AiEi u^2^ ^^01, 6^¥s^(81)§ 22011 m3m^^m^^(82)m m^m ^, ah¥5i^(8i)°i ssoi he-i 

b^ranHI X1l3ea}^2e|(82)e Sf^^^:?i:))|^2Dh SE^ Ollxl^^^ S&lfmoi 73I3#2112^M82)U|0|| m¥2^(81)0l DH 

o\D\M, mm^^(s^)m msseii 2^1(82)14)01! oHijAi^i^ om xi\3m2}m^^H&2)m m^^ m M3 

m?}m^^H82)m ^ysi^jo^ ^^^aK)( 6F¥s^(8i)oi m^m ^mm Ih^ai^iiq. 22011 fli22£eiM m oiixi^ 
oiu l^s}^:?|:?jl^2□^a^o^ oi¥Oi^ 4- 910, 

mm, I-ll3#eil2^^(82)o^^ TEOS. PSG, BPSG e^l ^ E|^ii^m^^:>il ^El^^lfsi:)!! ms^m s OlSSj ^1,^? 

^M^OilAH 01J= ams Olgmoi. ;g|1.2#^^l2e|(75a, 75b)£ »I3#2}^ 2 91(82)011 S2Mg Oie^^ 4= 

£ llcOll £AI9 bF£f ^^01. JllSS^f^ 2^(82)^^011 a^SxIjQf (83)g e^^th ^. ^^sl^g^ ( II )01l 

¥^2e ^i^^^^ ^i:>iaK)i ^s^( i )oii2 i^^2Xfl9|(83)e 2^Ama. 

0\D\M, i^^^!x^|9^(83)B SBT. BLT. PZT. g^^Oj S:7^£|:>1U 5S0| £g SBT. £S BLT. £S PZT. SlISMiii 

9^01^ =?^2\ SI iai^M^5foie i^i^sei i^^^ai^i eoliAH ame Ms^moi, sf^oi^^e 

^^S(CVD). a LSMCX)S eOllAi <MQjQ a^USi gSH eSTBCI. 

aM^s. i^^2xiisi(83)m 22011 ^^¥2^(TE)e ssapi ?ie[ Jtii32£afg m^m ^. :;9l32£^^e 

^ BHEiyaFOl i>^^2xl|Qt(83)e MOIOII m^2^(81)3[ 9HiiHA|6IM OI¥fe ^^¥2^(84)g SS^^q. 

Qm^^. ^¥^^i84)m 22011 xii4#ef^2^M85)^ m^mo. 
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o\:)\A-\, i^^^^^(84)^ ^^(pt). oldiMdr). oidi^A[^^(!rc), ^ai^(Ru). Re. Rh ^ oiMs] mm^^mmo\\A-\ ^ 
oiJrz mus si^mffl, msr:?iAhesrs(cvD). edi::?i^^e^'-s(PVD) s ^xFsesfS(ALD) mowAi {^^m^ a^u^j m 

£ 11dOII £A|^ U^2f ^^01. XII4#e!^ee|(85)g ^^'m ^. MaiOIMdfeie m^A\d\D\ sEHAi2,^M ^AIsF^CII. 

m m^m m. ii )2i ium^m^^(84), Msm^m^^'isz) si ni2sef§^^^(75b)a ^meh^o^ ^^^moi 

mm, ^^m^s ^mm^ BmA\E\^mm s^ai ^aioii m^m ^ sm. 

0\D\M, mmm0\^(86)9.^^ TiN. Ti ^ T/TiN gOIIAH mUg OlgthCI. 

amoi ^^¥5!^(84)oii s^£i^ MBiioiMahei(PL. 87)e ^sir^f mA\m ^^a^a^^c ii )°i ^^bHiycBS)^ s^tha. 

3e.II). II ^^^Sx-Il^^(83)0| &#oUI ^^a^S^( II )01IAH2J ^^bH<!!ie ^^S M^m ^ 

m ssol gois^ci, ^. ez}^eeiMD| 5^^afH^ i^^sx^m^oi sh^s s^sa amsi 

^ ^A\m ^ 9JiQ. 

^AIOIIOIIAI^ i^^^J:^|Q^S 0Ig6^^ FeRAM^OII PoH ^SS^^o^, q= ^AIOII^AH BST. TA2f 11^^X]\ 
^ ^'SHj :)|^ Ah^^g dhi,^^§h ^AIOIIOII COdf ^X-ll^o^ D\^^9Ji£.\Jt, ^^D\m ^AIOII^ 3 ^gg ¥lt[ ^OIDI 



H^2} ^ ^^s^ i.^^5ix-]i^^g nnaya^xi a^^H^ ^^m^s^ei ^a^sx ^gsioi ^^o^¥^!^^ 3:>jS 

^IfM ^^Xl^^ ^ eS^^SJ o^S^e 3H^A!^ ^ 

3dl3. 3HnHA|E|0j| BxfS 4^ 2iCH 0^>hB^^SA|2| ¥S§ gO|3 OiBigM 3H^AI1! 4^ 

CI. 

SEt.^ esHsi eiioioF^e 3CH^ A^ga^SAi gse.^ b^q?o^ ^^goi aiEiesi .4^m ^ 2^3. 5f¥2^e 
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D\ 9JiQ. 

Sim, ^'^m 9HiiHAiEioii 9HiiHAiEi^§!m m^B\x\ &^i2 MaioiM£Fei5i ^Boii°v ^HnHAiEi^itim m^m ^ 9xo\ 
^^Aioii 2|2foj 3H1IHAIE10II ^mm s^5^^ oi£ige mm ^ m sss b^i^ai^i^ s3f:?^ 910, 



(57) w^Bi 

MS« fe^^Oll ggSI Q^^^oj 

stairs ^§0^ i^ss^i oiieai ±.7\. 

2. UnSOl} SlOiAH. 

g^E^ 3. X-il1i>^0ll S^OIAH. 
Xil21^e: S 

J3!2^^M2i ^iiism mm a^-si ^^^^ ^^^\ emes^Ai ^gsi o^^si MaioiMsiei 
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s^s 5. mrnow sachah. 

6. xwsmm 2^01 ah. 

7. X-1I5S0II SAOiAH, 

m=?m 8. X-Il4i^ EE^ Xll7ir0j| 9JiO\M, 

^01 Ss[Sa TiC^ ^ AIA gOilAH ^iijS muei 3ie ^go^ i>^SSx|| OilS£! ^XK 

m^m 9. ^ssi^s^oi Di^sJi ^^:?| ^^¥011 m^^i^m &d\\: 
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10. M9mm 9lO\Ai, 

11. HI9gO|| SiOiAH. 

m=?m: 12. I-IIIIE^OII SiCHAH, 

Xil2^2ee {^^^o^ ^^^ShOI Ot^9\ #¥2^ SI2¥MM ic^AI^I^ ^i^l^e B:?it 

^I2^3^^^0|| ^iSmoll 2I0H iiiMS fl|2¥^01l ^^SISAI CF^^SI ^^¥^^^ ^^^^011 2fcH^£l^ a 

13. mni^oii sioiAH. 

^^:^| Q^9\ ^^¥S^S Si.^^^ SSOII HI2g^MS ^^51^^ 

^Ol Xil2M^gS <:fliii^o^ ^^^6^01 ^^D\ Ah^2^ ^^^^^ ^Ol fl|2¥^S ln#A|3|fe ^^Sg ^^^^ B^l 

; QJ 

m=?m 14. XII12S SEfe XII13S01I SiOiAH. 

7:ii2^^M^ ^oi cf^sj ^^¥S^oii s^^£ife s^^eM si^E^m a^sai CHieai :^xf^ xii^ 
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